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Hexa(2.—lithiophenoxycyclotriphosphazene), (NP(OC6
H
4
Li—~)2]3 

(IV) has

been synthesized as an intermediate for the covalent attachment of

metallo—, phosphino, carboxylato, alkyl, or tertiary alcohol units to

the side group structure. These reactions are models for the prep-

aration of the corresponding phosphazene high polymers. Intermediate

IV was prepared by the metal—halogen exchange reaction between [NP —

(OC
6H4Br—.E)2]3 (III) or [NP(OC6H4I—~)2]3 and n—butyllithium in tetra—

hydrofuran at —40°C to —60°C. The subsequent interaction of IV with deuteriuin

oxide, diphenylchlorophosphine, carbon dioxide, butyl bromide, benzoph.enone,

triphenyltin chloride, or triphenyiphosphinegold (I) chloride yielded

the para—substituted derivatives, [NP (OC
6H4

D)
2]3 (VII), [NP (OC 6H4P(C 6H5) 2 ) 2 ] 3

(VIII), [NP (OC6H4COOH)2]3 (IX), [NP (0C6H4C4H9) 2 ] 3 (X), [NP (OC6H4C(OH)—

(C
6
R
5
)2)2]3 (XI), [NP (OC6H4 Sn (C6H5) 3) 2 ] 3 (XII), and [NP(OC6H4AuP(C

6
H
5
)
3)2]3

(XIII), respectively. Compounds VII—XIII cannot be obtained readily by

other synthetic routes. For example, the reaction of III with NaP(C6
H5)2

is a less efficient route to the preparation of VIII. Compound VIII is a

model coordination carrier species for transition metal catalysts. The

possible extension of these reactions to linear phosphazene high polymers

is discussed.
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Introduction

Considerable interest exists In tite synthesi8 of new macromolecules that

can function as carrier molecules for transition metal catalysts, chemothera—

peutic agents, or polye].ectrolyte functions. Relatively few conventional

organic polymers can be used in this way. However, one group of inorganic

backbone polymers, the poly (organophosphazenes), can be modified structurally

to a more subtle degree than most conventional macromolecules. Many high

molecular weight linear polyphosphazenes are already known,~~
3 but few of these

possess substituent groups that permit the binding of metals or biologically

active organic residues, and none has been prepared that bears carboxylic acid

units. -.

In this paper we explore the prospect that side group modification reactions

might be used to introduce the desired functionality into a preformed organo—

phosphazene. Because the reactions of high polymers are nearly always more

complex than those of the related small molecules, it was necessary to explore

first the side group modification reactions of small—molecule cyclic organo—

phosphazenes. These species are models for the linear high polymers.4 Aryloxy—

cyclophosphazenes were chosen for this purpose because of the ease of attachment

of aryloxy groups to a phosphazene skeleton5 and the known stability of aryloxy—

cyclo— and polyphosphazenes.

The most obvious route to the synthesis of functionalized organophosphazenes

is one that involves the reaction of a halogenophosphazene with a difunctional

reagent, as shown in the conversion of I to II.
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{N 
= I ]  

NaO.~J~
_X 

{N 
= 

T~~~~-X]

n ~~~~~~~~

I II

(n 3, 4, or 15,000)

However , if the functional group, X, is itself a reactive unit such as OH,

COOH, NUR, etc., it will react with the P—Cl bonds of another molecule to

generate a crosslinked structure.6 This is an unacceptable possibility,

especially in a high polymeric system.

Thus, the approach taken in this present work has been to prepare species

of type II in which the group X is unreactive during the conversion of I to II

but is, nevertheless, capable of reaction with an active reagent in a later

phase of the synthetic sequence. This can be accomplished when X is bromine

or iodine. In this paper we describe the replacement of bromine in III by

lithium8 with the use of n—butyllithium at low temperatures. We also discuss

the subsequent utilization of the lithio—derivative as a reactive intermediate

for the introduction of a diverse range of substituents.
9

Four questions were of interest. First, can the metal—halogen exchange

be carried out with species of type III without cleavage of the phosphorus

nitrogen skeleton and, if so, what are the most effective reaction conditions?

Second, how reactive are lithioaryloxyphoaphazenes to different electrophiles?

Third , what are the properties of the products formed by the interaction of the

lithio—derivative with electrophiles? And, fourth, what are the prospects

that these interactions can be extended to the synthesis of the analogous high

molecular weight polymers?
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Results and Discussion

Synthesis and Reactions of [NP(OC6H4Li—2.)2]3 (IV) 
(General Aspects). Hexa—

(2—lithiophenoxy)cyclotriphosphazene (IV) was prepared by the treatment of hexa-

(2~—bromophenoxy)cyclotriphosphazene (III) with a 1—molar excess of n—butyllithium

at —60°C. Species IV was then allowed to react with a variety of reagents, as

shown in Scheme 1.

Br 

~ ~~~~ 
Li

Br 

~::1\ N N 

~

_0

~ Br 
n—BuLi 

Li 

o N N o 
~~~~~~~~~~~~ 

Li

0 0 —BuBr “ ... I  i i,
\ I 11 /’ P P

Br~~’°~ 

/P 

N 
/ 

~

‘

~~~~~‘Br 

“ N 
/ “ 0 

~~~~~~ Li
III IV

The treatment of IV with deuterium oxide yielded [NP (OC
6
H4D—2)2]3 (VII).

This compound was identified by mass spectrometry, by elemental microanalysis,

and by ‘3C NMR analysis (see Experimental section). The formation of VII was

considered to be good evidence for the existence of IV as a reactive intermediate.

The reaction of IV with the electrophilea, diphenylchlorophosphine, carbon

dioxide (followed by acidification), n—butyl bromide, benzophenone, triphenyl—

phosphinegold chloride, or triphenyltin chloride5 yielded the para—substituted

derivatives [NP (OC
6
H4P(C

6H5)2)2]3 (VIII), [NP(OC6H4COOH) 2]3 (IX), [NP (0C6H4C4H9)2]3
(X), [NP (OC

6
H4C(OH)(C6H5)2)2]3 (XI), [NP (OC6H4AuP(C6H5)3)2]3 (XII), or [NP—

(OC6H4Sn(C
6H5
)
3)2J 3 (XIII) (see Scheme 1). Compounds VIII—XIII were isolated

in yields that were more than 20%. The formation of VIII took place in 70% yield
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(relative to III). The characterization of these products is described in

the Experimental section. Compound VIII is of particular importance because

of its ability to function as a phosphine—type ligand for transition metals.

Species XIII is a prototype for compounds that may be of value in medicine or

as vehicles for the deposition of gold on electrode surfaces.

Preparation and Reactions of N
3
P
3

(OC
6H5Li—p)(0C6

H5)5 (XV). Although

compound IV is a valuable intermediate for the synthesis of new phosphazene

trimers, it is not an ideal model for carrier polymers. A carrier polymer

system is usually more useful if the “active” side group units are dispersed

at separated sites along the chain. In this way, one type of substituent

determines the solubility and other physical properties of the macromolecule1

while the “active” substituent is responsible for the chemical behavior. Thus,

a more appropriate model for a carrier polymer is provided by a cyclotri—

phosphazene that contains one “active” substituent and five “inactive” side

groups. Compound XV is an intermediate that allows the synthesis of such species.

Intermediate XV was prepared in high yield by the interaction of XIV with

n—butyllithium at —60°C. Treatment of XV with water gave [NP (0C
6H5)2]3 

(XVI)

in high yield and provided firm evidence for the efficiency of the metal—halogen

exchange process in this system . The reaction of XV with diphenylchloro—

phosphine gave compound XVII.
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Detai ls of the Lithiatioii Reaction. Information was needed on three

aspects of the lithiation process: (a) the stability of species such as IV at

the relatively high reaction temperatures (0°C) needed for the coupling reactions

with some electrophiles, (b) the efficiency of formation of llthio derivatives

such as IV at different temperatures , and (c) the ir,fluence of the type of

halogen (X in II) on the ease of metal—halogen exchange .

Intermediate IV was not stable for long periods of time when warmed to 0°C.

For example, when IV was prepared at —60°C and the reaction mixture was then allowed

to warm to 0°C during 0.75 h before treatment with diphenylchlorophosphine,

compound VIII was formed in only a 5% yield. By contrast , treatment of IV

with diphenylchlorophosphine at —60°C followed by a warming of the system to 25°C

gave VIII in 70% yield. The reaction of diphenylchlorophosphine with IV at

—50 to —60°C appeared to be very rapid , and this is compatible with the observation

that the interaction of diphenylchlorophosphine with phenyllithium is almost

instantaneous (as deduced from 31P NMR changes).
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Intermediate IV could not be prepared by the interaction of III with

n—butyllithium at 25°C. Even rapid treatment of the reaction mixture with

diphenylchlorophosphine failed to yield VIII.

The metal—halogen exchange reaction at —60°C in THF was less efficient

when [NP (OC
6
H4Cl—~)2]3 

was employed in place of [NP (OC6
H4Br—2)2]3 and only low

yields of VIII could be detected after treatment with diphenylchlorophosphine .

This result is consi8tent with the known fact that chlorobenzene does not readily

undergo a metal—halogen exchange reaction.8 However, [NP (0C6H41—&21 3 
under-

went lithiation readily at —60°C in a manner reminiscent of the behavior of III.

Alternative Route to VIII. A possible alternative synthetic route to VIII

or XVII is via the reaction of soditun diphenylphosphide, NaP (C
6
H
5
)2, wi th  III  or

XIV . In fact , it was shown by means of a 31
P NMR study that the interaction of

sodium diphenylphosphide with III at 25°C resulted in only 30% replacement of

the bromine atoms by diphenyiphosphorus units after 20 h reaction. Hence,

this reaction route is less efficient than the one involving metal—halogen

exchange.

Relationship to High Polymeric Analogues. Chemical reactions that involve

macromolecular reagents are generally more complex than those between small

molecules. This is because low yield intermolecular coupling reactions or

skeletal cleavage processes have a catastrophic effect on macromolecular systems.

It is for this reason that the small molecule model reactions discussed in

this paper have been examined. This model—compound work suggests that for

high polymers of type [NP (OC
6
H
4

Br)
2] , (NP (0C

6
H
4

1)
21 , 1NP (0C6

H5
) ( O C

6
H
4B r ) J ,

or (NP(0C
6H5

) (OC6H4I) ] , the metal halogen exchange reaction with n—buty l-

lithium should take place efficiently at —40°C to —60°C with only minimal
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interference from chain cleavage or inter—chain coupling processes.10 12

Moreover , this reaction route appears to be promising fo r the at tachment of

phosphine, carboxylic acid, alcohol, cr transition metal catalyst units to

the macrotnolecular species . This prospect will be examined in a later paper.

Experimental

Equipment and Materials. NMR spectra were obtained in the Fourier

transform mode at 40.4 MBz with a JEOL PS—l OO Fl’ spectrometer. The spectra

were processed with the use of a Nicolet 1080 computer. LH NMR and 13C NNR

spect ra were obtained with the same spectrometer operated at 100 MHz and 95 MHz ,

respectively.  Infrared spectra were recorded with the use of a Perk in—El m er

Model P . E .  580 high resolution infrared spectrophotometer , and ion inpact mass

spect ra were obtained with the use of a type A . E . S . / M . S .  902 mass spectrometer

(Associated Electrical Instruments , L t d . ) .

All reactions were carried out under an inert atmosphere of dry nitrogen

(Matheson)~ Tet rahydrofuran (THF ) (Fisher) was distilled under nitrogen from

sodium beazophenone ketyl immediately before each reaction. n—Butyllithium

was used as received (Foote Mineral — 1.6 M solution in hexane). Hexachioro-

cyclotriphosphazene , (NPC1
2
)
3 (Ethyl Corp.), was purified by methods described

10—12p reviously. ~—B romopheno 1, E—iodop henol , ~—chloropheno 1 (Aldrich) ,

n— buty lb romide (Aldr ich) ,  sodium hydride (Alfa) , diphenyichiorophosphine (Orgm et) ,

deute rium oxide (B i o— R ad),  t riphenylphosphinegold (I) chloride (Strem) , and t n —

phenylt in  chloride (Strem ) were used as received.

Elemental microanalyses were obtained by Galbraith Laboratories , Knoxville ,

Tennessee.
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Synthesis of [NP(OC
6H4Br—2)2J 3 

(III). A sample of ~—bromophenol (67.9 g,

0.393 mol) was dissolved in THF (300 niL) and the solution was added dropwise

to a stirred suspension of sodium hydride (31.2 g, 1.30 inol) and THF (100 ml)

at 0°C. Af ter  1 h , the reaction mixture was filtered (under nitrogen) and

the f i l t r a t e  was transferred to a reaction vessel (1000 mL capacity) equipped

with an addition funnel , a water—cooled condenser, ar.d a nitrogen inlet. A

solution of (NPC12 ) 3 (10 g, 0.0287 mol) in THF (100 mL) was then added dropwise.

Following the complete addition of the solution of (NPC12 ) 3, the reaction

mixtu re was allowed to boil at reflux for 168 h. Isolation of the product was

accomplished by removal of the reaction solvent by means of a rotary evaporator

and by treatmen t of the residue with dilute aqueous hydrochloric acid . The

solid was collected by f i l t rat ion and was then washed sequentially with ethanol

(100 mL) and with hexane (100 mL) . Analytically pure samples of [NP(OC 6
H4Br—2)2]3

(nip 171— 172° C) were obtained by recrystallization from acetone. Micro—

analytical data for this compound are summarized in Table III.

Syntheses of [NP (0C 6H4Cl—~ ) 2 J 3 and [N’P (0C 6H4 I—p~) 2 J 3. The synthet ic

p rocedures used for  the syntheses of these compounds were similar to those

described for  the synthesis of III .  The experimental details are summarized

in Table I. Analytically pure samples of [NP (0C6H4C1—~)2J 3 (mp 149—150°
C)

and of [NP(0C6}14I—,2)2]3 (mp 182—184°C) were obtained by recrystallization

respectively from acetone or from chloroform. Microanalytical data for these

compounds are listed in Table III.

Synthesis of [NP (0C
6H4D—~)2]3 (VII). A sample of [NP(0C

6
H4Br—~)2]3

(2.00 g, 0.0171 mol) was dissolved in THF (100 niL) and this solution was then

cooled to —50 to —60°C in a Dry Ice—acetone bath. A solution of n-butyllithium
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(8.0 ml , 1.3 x 10 2 mol) was then added dropwise . The addition of the ti -butyl—

lithium resulted in a 10°C exotherm and in the formation of a white precipitate.

After the mixture had been maintained for 0.5 h at —40°C, deuterium oxide was

added . The mixture was then allowed to warm to 25°C. After 4 h of s t i r r ing

at 25°C, the reaction mixture was concentrated by means of a rotary evaporator.

The resultant oil was recrystallized from acetone to yield [NP (0C 6H4D—~ )
2 ] 3 (VII)

(nip 99—101°C). A mass spectrum of this compound was consistent with formula

VII (parent ion at M/e 699). The microanalytical data for VII are shown in

Table III. The ‘3C NNR spectrum of VII (with decoupling ) consisted of

resonances at 151 ppm (broad singlet); 129.6 ppm (singlet); 125.1 ppm (triplet)

and at 121.3 ppm (singlet). These were assigned respectively to the carbon

atom bound to oxygen, the carbon atom at the meta—position, the carbon atom at

the para—position , and the carbon atom at the ortho—position of the aromatic ring.

These assignments were made by comparison with the NMR spectrum (in

decoupled and coupled modes) of the compound, [NP(0C
6H5)2]3. The 

13
C NMR spectrum

of VII was compatible with a structure in which deuterium was present only at the

para-carbon atom of the aromatic ring. This result provides further indirect

evidence for the existence of the intermediate, [NP(0C
6
H4Li—~)2]3 

(IV).

Synthesis of [NP(OC6P4
P(C

6H5
)
2—2)2]3 (VIII). The experimental details used

for the preparation of VIII are summarized in Table II. The product was

isolated by addition of the reaction mixture to 90% ethanol (500 niL) and by

collection of the precipitate by filtration . The solid was then washed several

times with ethanol (25 niL portions). The compound, [NP (OC
6H4P(C 6H5)2—R)2]3, was

recrystallized at 0°C from a 70:30 THF—acetone mixture. The elemental micro-

analysis data for VIII are shown in Table III. The 31P NMR spectrum of VIII

consisted of two singlets at +8.06 ppm and —7.21 ppm (relative to an external
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}1
3P04 

reference). These peaks were assigned to phosphazene and phosphine

phosphorus atoms, respectively. The ratio of the integrated peak areas was

1:2 (phosphazene : phosphine).

Attempted Synthesis of VIII at 0°C. A sample of [NP (0C
6
H
4Br—~)2)3, 

I,

(0.50 g, 4.3 x l0~~ mol), was dissolved in TIff (100 mL), the solution was cooled

to —50°C, and n-butyllithium (2.5 niL, 4.0 x l0~~ mol) was then added . The

reaction mixture was maintained at —50°C for 1 h and then allowed to warm to 0°C

during 0.75 h. When the reaction mixture reached 0°C, diphenylchlorophosphine

(2.5 g, 1.7 x 10
2 
mol) was added. The reaction mixture was stirred at 0°C for

1 h. Ethanol (300 niL) was added and the mixture was concentrated by means of a

rotary evaporator. Precipitation of a product occurred , and this product was

collected by filtration. NMR spectroscopic data confirmed that the product

was [NP(OC
6
H
4

P(C
6
H
5)2—2)2]3, VIII (total yield 5%). Thus, these reaction

conditions are less favorable for the formation of VIII than are those that

involve the formation of IV at —50 to —60°C.

Synthesis of [NP (OC
6
H
4COOH—2)2]3 (IX). The synthetic procedures used to

prepare IV were as described previously. The experimental details are summarized

in Table II. Compound IX was isolated by addition of the concentrated reaction

mixture to a dilute solution of aqueous hydrochloric acid. The solid product

was then collected by filtration. Analytically pure samples of [NP (0C6H4
CO0H—~)2J 3

(decomposition point, 330°C) were obtained by recrystallization from a 70:30

Tiff—acetone mixture. Elemental microanalytical data for IX are listed in Table III.

The infrared spectrum of IX contained absorbances centered at 3300 cm ’ (OH) and

at 1750 cm 1 (C’.O). These absorbances are consistent with the presence of

carboxylic acid groups. Compound IX is soluble in basic aqueous media at pH>l0.
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Synthesis of [NP(0C6H4
C
4
H
9—2~
)
2J 3 (X). 

Experimental details for the

synthesis of (X) are summarized in Table II. Coupling conditions that involved

a reaction temperature of 25°C and a reaction time of 92 h were necessary for

the synthesis of X. The product was isolated by concentration of the reaction

mixture by means of a rotary evaporator, addition of hexane to the residue ,

separation of the hexane—insoluble material by filtration, and removal of the

hexane by means of a rotary evaporator. The resultant oil was purified by

means of chromatography on a neutral alumina column with the use of hexane as

the eluant. Compound X, isolated in this way, was a colorless oil. It was

obtained in a 20% yield. Microanalytical data for X are listed in Table III.

Synthesis of [NP (OC
6
H4C (OH) (C

6
H
5
)2—~)2]3 (XI). 

The experimental details

used for the preparation of XI are summarized in Table II. Compound XI was

isolated by the addition of a concentrate of the reaction mixture to a dilute

aqueous solution of hydrochloric acid and by collection of the solid by filtration.

The adhesive solid was washed several times with water. Recrystallization of

XI was accomplished in a 70:30 mixture of THE and ethanol to yield a white solid

(decomposition point, 350°C). Microanalytical data for XI are listed in Table

III.

Synthesis of [NP (0C6H4Sn(C6
H5)3—~)2]3 (XII). The experimental techniques

used for the preparation of XII are listed in Table II. The synthesis of XII

required a treatment of IV with triphenyltinchioride for 4.5 h at 25°C.

Compound XII was isolated by removal of the reaction solvent by means of a rotary

evaporator, followed by two recrystallizations from diethyl ether. Micro—

analytical data for [NP(OC
6H4Sn(C

6
H5)3—~)2]3 (mp 225—228°

C) are listed in Table

III.
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Synthesis of [NP(OC
6
H4

AuP(C
6
H
5)3—2.

)213 
(XIII). The experimental details

used for the synthesis of XIII are listed in Table II. Compound XIII was

isolated in the following way. The reaction mixture was evaporated to dryness

by means of a rotary evaporator, diethyl ether was added, and the insoluble

materials were removed by filtration. The diethyl ether solution was extracted

with a dilute aqueous hydrochloric solution and then several times with water.

The diethyl ether solution was concentrated,and ~~pentane was then added until

a turbid recrystallization mixture was obtained. Compound XIII was co1lec~ed

at 0°C from this solvent system. It was recrystallized from a 70:30 TUF—pentane

solvent system. After this recrystallization, XIII was no longer soluble in

THF. The infrared spectra of XIII obtained before and after this recrystallization

were identical. The microanalytical data for this compound are listed in Table

III. (These data were obtained for the THE—insoluble modification of XIII).

The insolubilization process may perhaps result from the formation of polymeric

species that involve intermolecular aggregations between gold atoms.

Attempted Synthesis of VIII via the Use of [NP (OC
6
H
4C1—2.

)
2]3 

and [F1~’-

OC6H4I—~)2]3. 
Either [NP(OC

6H4C1—p)2]3 
(2.0 g, 2,22 x ~ci

3 mol) or [NP—

0C
6
H4I—p~)2J 3 (3.0 g, 2.07 x 

,O~~ mol) in TIff (100 ml) at —60°C was treated with

nubutyllithium (9.37 niL , 1.5 x 10 2 mol or 8.75 ml , 1.4 x io
_2 

mol). No exotherm

was detected with the chioro—derivative but a 15°C exotherm occurred with the

iodo—compound. The reaction mixtures were stirred for 1 h at —60°C, and chioro—

diphenylphosphine (6.62 g, 3.0 x ,~~
2 
mol or 6.17 g, 2.8 x io 2 mol) was then

added. Both reaction mixtures were allowed to warm to 25° C and were then added

to an excess of ethanol. The precipitates were collected by filtration. The

N?~ spectrum of the product (in TifF) from the chloro—derivative showed

resonances of +8.0 and —7.21 ppm assigned to phosphazene and phosphine
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phosphorus atoms, respectively. However, the ratio of the areas of these two

resonances was 1.7:2. This ratio was incompatible with the formation of [NP-

(0C
6
H4

P(C
6
H5)2—~

)2]3 
(VIII) for which the expected ratio would be 1:2.

By contrast , the NMR spectrum of the reaction products obtained from

the use of [NP(0C
6H41—2)2J 3 

was consistent with a phosphazene to phosphorus

ratio of 1:2. This value was indicative of the formation of [NP(OC6
H,P(C6

H
5
)2—

(VIII). The yield of VIII from the reaction sequence that employed

[NP (0C
6
H4I—~)2J 3 

was 70%. Therefore, the synthesis of VIII could be accomplished

from [NP (OC
6
H4Br—2.)2]3 

or [NP (OC
6
H
4I—2)2]3 

but not from (NP (OC6
H
4C1—2

)2]3
.

Interaction of [NP(OC
6
H
4Br—&2]3 

with Sodium Diphenylphosphide, NaP(C,H5)2.

A sample of [NP(OC
6H4

Br—2)2}3 
(III) (2.0 g, 1.71 x ~~~ mol) was dissolved in THF

(100 niL). A dimethoxyethane solution of sodium diphenylphosphide (20 niL, 4 x 10

mol) was added to the THE solution of III at 25°C. After 20 h at 25°C, the

reaction mixture was deactivated with ethanol, and the solvent was removed by

means of a rotary evaporator. A &ii~ spectrum of the concentrate sho~ed

numerous peaks that included resonances at +8.45 ppm and —7.11 ppm (assigned to

phosphazene and phosphine phosphorus atoms, respectively). The ratio of the

integrated peak areas for these resonances was only 1:0.62 (phosphazene to

phosphine), and this indicates that on the average only 30% of the bromine atoms

of III were replaced by phosphine units. Therefore, the use of NaP(C.H5
)..

with III is a much less efficient route for the preparation of [NP (OC
6
H4P—

VIII , than the metal halogen exchange sequence.

Preparation of fN 3P3C1(0C 6H5)5J. Phenol (13.5 g, 0.144 aol) was

dissolved in tetrahydrofuran (75 niL) and this solution was added to sodium

hydride (14 g, as a 50% dispersion in oil) suspended in tetrahydrofuran (75 niL).

- -

:- _ q
~~~•~~.~~ - -~
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When the reaction was complete , additional tetrahydrofuran (200 mL) was added ,

and the reaction mixture was heated to 50°C. The hot solution was filtered ,

and the warm filtrate was added dropwise to a solution of (NPC1
2)3 (10 g, 0.0287

mol) in tetrahydrofuran (100 niL). The reaction mixture was stirred for 12 h

at 25°C. The solvent was then removed by means of a rotary evaporator.

Toluene (50 mL) was added to the residue, the solution was filtered , and the

product was purified by means of a column chromatography (Hi—Flosil , Applied

Science). Recrystallization from heptane yielded the compound [N
3
P
3C1(0C6H5)5]

(nip 68°C). Mass spectrometric measurements (M/e = 637 and 635) confirmed the

authenticity of the product. A 31P NMR spectrum of the product consisted of an

pattern 
~
‘A 

= 22.1 ppm, 6.90 ppm, J = 83.1 Hz). The total yield of

the compound (N
3
P
3
C1(0C

6
H
5)5

] was 30%.

Preparation of [N
3
P
3
(OC

6
H
4Br—2)

(0C
6
H5)51 (XIV). ~—Bromophenol (11 g, 0.0636

aol) was dissolved in tetrahydrofuran (150 niL). This solution was added to a

suspension of sodium hydride (6 g, as a 50% dispersion in oil) in tetrahydrofuran

(100 niL). When the reaction was complete, the reaction mixture was heated to

50°C. The hot solution was filtered , and the filtrate was transferred to a

reaction vessel (500 mL capacity). To this solution was added rapidly a sample

of [N
3
P
3
C1(0C

6H5
)
51 (4.03 g, O.OO63 mol) dissolved in tetrahydrofuran (50 niL).

The reaction mixture was boiled at ref lint for 72 h. The solvent was then

removed by means of a rotary evaporator, and water (100 niL) was added to the

residue. A saturated aqueous sodium chloride solution (25 niL) was added , and

methylene chloride was used to extract the compounds that were not soluble in

water. The methylene chloride was dried over solid sodium sulfate, filtered ,

• __ • u_..-_-~~ -~~~
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and the solvent removed by means of a rotary evaporator. The residue was

recrystallized from methanol to yield [N
3
P
3(OC6H4

Br—p)(0C
6
H
5
)
5
] (nip 70—72°C).

Mass spectrometric data for this compound (parent ion, M/e = 771) provided

further evidence for its formulation as [N 3
P
3(0C6

}I
4Br—2)(0C6H5

)
5], XIV , (M.W.

771 for 79
Br). The 31

P NNR spectrum of the compound consisted of a singlet

at +8 ppm. The total yield of the product was 50.1%.

Preparation of Characterization of [N
3
P
3(OC6H4L1)(0C6H5

)51 (XV ). A

sample of [N
3P3(OC6I14Br—&(0C6H5)5] (XIV) (0.66g, 

0.00085 aol) was dissolved

in tetrahydrofuran (75mL), and the solution was cooled to —50°C. n—Butyl—

lithium (3 niL, 0.0048 aol) was then added, and the reaction mixture was stirred

at —50°C for 1 h. W.ter (3 g, 0.17 aol) was added, and the reaction mixture

was then allowed to warm to 25°C. The mixture was evaporated to dryness by

means of a rotary evaporator, water was added, and the solid was collected

by filtration. The precipitate was recrystallized from heptane to yield the

compound [NP (0C
6H5
)2}3 (XVI) (nip = 112°C). A sample of [NP (0C

6
H5)2]3,

prepared by the reaction of (NPC1
2)3 

with sodium phenoxide had an identical

melting point. Mass spectrometric data for this product (parent ion,

M/e — 693) provided further evidence for its formulation as [NP (0C
6
H
5
)2J 3, XVI,

(M.W. = 693). The total yield of the product was 85%.

Preparation of [N
3
P
3

(OC
6
H4P(C6

H5)2—~
) (OC

6
H5)5J (XVII). A sample of

[N
3
P
3

(OC
6H4Br—p)(0C6H5)5] (XIV) 

(0.66 g, 0.0085 aol) was dissolved in tetra—

hydrofuran (75 niL) and the solution was cooled to —50°C. n—Butyllithium

(3 niL, 0.0048 aol) was then added and the reaction mixture was stirred for 1 h

at -50°C. Diphenylchlorophosphine (4 g, 0.018 aol) was added , the reaction
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mixture was stirred for 1 h, and was then allowed to warm to room temperature.

The isolation and purification of (N
3
P
3
(0C6H4P(C6H5)2—~ ) (0C

6H5)5] were

complicated by the fact that this product was an oil. However, 
31P NMR

spectral data for this oil were consistent with its formulation as the

compound , [N
3
P3(OC6

H4P(C6H5)2—2)(0C6H5)5], 
because the integrated peak areas

for the phosphazene and pendent phosphine phosphorus atoms were in a ratio of

3:1. Therefore, the metal—halogen exchange process for [N3
P
3
(OC6H4Br—2)—

(0C6H5)5
] and subsequent treatment with diphenylchlorophosphine were efficient

processes.

Acknowledgment

We thank the Office of Naval Research for the support of this work through

grant no. N00014—75—C—0685. We also thank Dr. P. J. Harris for obtaining the

NMR data and Dr. R. J. Minard for the mass spectrometric measurements.



References and Notes

1. H. R. Ailcock, Science, 193, 1214 (1976); Angew. Chem.,(tntern. Ed. English),

16, 147 (1977);

2. D. P. Tate, J. Polymer Sci., Polymer Symp., 48, 33 (1974).

3. R. E. Singler, N. S. Schneider, and G. L. Ragnauer, Polym. Eng. Sci., 15,

321 (1975).

4. H. R. Allcock, Accts. of Chem. Res., in press (1979).

5. For a review of this field, see: H. R. Allcock, Phosphorus—Nitrogen Compounds,

Academic Press, New York , 1972.

6. H. R. Ailcock, Phosphorus—Nitrogen Compounds, Academic Press, New York , 1972,

p. 371—372.

7. H. R. Allcock, W. J. Cook, and D. B. Mack, ~~~~~~~~~ 11, 2584 (1972).

8. For a review of this reaction, see: B. J. Wakefield, The Chemistry of Organo—

lithium Compounds, Pergamon Press, pp. 51—62 (1974).

9. A brief communication on part of this work has appeared, T. L. Evans, T. J.

Fuller, and H. R. Allcock, J. Am. Chem. Soc., 101, 242 (1979).

10. H. R. Allcock and C. T.—W. Chu, Macromolecules, 12, 551 (1979).

11. H. R. Ailcock and R. J. Ritchie, Macromolecules, in press (1979).

12. H. R. Allcock, D. B. Patterson, and T. L. Evans, J. Am. Chein. Soc., 99,

6095 (1977).

~~~~~~~ i~•’~~~~•



~0-4 ~~0 0 0

>~~~ A A A

(I ~ S
s~~~- 4 2

—~ a a az -4 -~~
0 0’ 0 .‘  0 0
5 0 -~~ 0 -~~ 0

0 — .-I .-4 —4
S . ‘—‘ 0 0

‘—‘ 0
0~~~~ 0c,.~ 0~~~~ ..

S • 14  0 E-~ C E~o N 0
.5 ~..4 -~ 5 5 5

C.) ..4 .,.4 S.d

-4 5.
4.4 Z
I.e
0
‘-I
C.)

C.) -~ -~ -4
—. a a
—I

o 0 0 —~~~0 ~~s 0
a — s o  N O  0

~~-.. C~ _4 ~~ -4 -~ .-4
.5 . . ‘-~ •

‘—• — 0 0
~~~~~~~ ;•~~~ C~;~~~~~• I-i • I-s • 1-4

Z -$ 0 0
5 - 4 5  ,-4 S

S~~~ .p4

4-4. t4.4
0
0,

.0 ~ 4

1-s

2 

: 

~~~ ~

N . N
N

~J ~4 Uo ~ —
~~ 

.•~ 
,.t .•~

o ~14
54

.J-
~
., 

~~-



-‘ —‘ N
o • — 4 N N I —‘
5 .~4 N 4 4 —‘ I —‘ C

I C 0 ..4 0 -~ 
.-4 8

~~ 1 0 0 5 —4 .-4 2 —I H
S 44 0
0) 44 44 in 44 0 C0) 1 44 44 U N in N

r~1 0) . . N N~ I 44 .

N N ~Z. • ~ s
5. • N 0) N ~~
0 “~ a~ 1-4 0 1-’

4.4 • .-4 ‘0• 5 • 5 —4 ~—4 in -~~ .4 ~~ .4 .-4 .4

E;1 t
m

N in
—‘ —‘ 0 5 =
in ‘0C) r-J m U

— 4.~ -~U in L14
0’ 5

5. NI. ~~ ‘0 ‘01 4 1  N —4 0 ~~ .t C.~ C.~4 . 1 ’  ~~ U U ~- C.~ ‘- C.)
u J

S — . 1
0 . 5  0 in 0 in 0. 4’-’ in 0
4.1 . . .
C) ~ C .-4 ~ 4 0 -4 0

‘-4
— I
0)1

—I
—. 4

~ N —‘
N N N N

0 U I N I U
-4 0 0 U 0 0

0 ..-f 5-4 0 4 ,-4 U
44 r4 C

44 44 44 44 —4
N N N 54

5~ -~ . . in
-4 _4 • -4

0 N N ‘~~‘ N 0 0

N in
N

-~ I —.
c~ 5 I .-..

• — I I
N 0 —  U I - I ‘ I —‘ U U

— 0 -~ 0 0 0~~~ .3 0
~~~~a — a  — a — a —~~a ‘-‘ a

Is ~4 Q 4 4 0  4 4 0  4 4 0  4 4 0  4 4 0  4 4 0
5 1 - 4 0  0 0 0 0 in 0

-~~ 
.p4 r— •-4 • 4 .-( s-I ~~ N s-I r~4 s-I .-I 0 N

r-. ‘-‘ r-. N ‘-.‘ I-. ‘~~~ ~ s m—.4‘0~i .-4 . . .
,-4 I ’__

~~~~ 
-4~~~~~~

4 —~~~~~ ~~~~~~~~ ~~~~~~~~ ~~~~~~~~
~ 

.— x  ‘—~~~~~~~ 
5—..

0 0 1-s 0 1 -s  0 1-4 0 1 - s  0 1-s 0 1-s
5. 0 0 0 0 0 0 in

~~ . ~~~I 
• • S • S • S •

N .4 N ~4 N .4 in .4 N .4 N .
~~ ~4

o
— 4-4 5-5 5-4
-4 — — — -4

2 J  > — 454 4s4 >4 >4

5 4 ’

___________________



‘.4 - 4  Is I. 5 5
U U ~ ~~ 

-~ H .
~ <.~ N. ~~ 0 s-I N. ~~ C’ N. m

‘0 UI s-I N Ill -~~ I I I I I 4 -~~ s-I in -
~~

e~ -4 s-I N C 4  ~~ -1~ in in
N N 4 -~~ in in ~~ N N

CO
‘0 m s-I N N C ~~ ‘0 N -~~ 0 0’ -~ Sri in
‘0 0 N 0~ ‘0 ~~ .4 r-. r— ~~ ~~ N. C’ -~~ in

?.~I 0 0  ~~~~~~~~~- ‘ 0 ’ 0  0 0’  0 0  i n i n  N N  CI~~~~~5 4 . 4  C )  N s-I s-I
4.)
-4
j
S
0) C~ I N. 4 5-4 -4 0’

~~ N. in N C N r— -4 -~~ in m s-I N N
m in 0’ s-I -4 ‘0 N. in N -~~ 

. . - .
5. . . • . . . . . • in UI ~~ ~~ e’i

— ~~ 0 0 N. ~~ ‘0 ‘0 0’ 0’ in in s-I s-I
Ci 4 ‘-4
.4

0)
-4
.~~ -4

N. 0’ 0 C1 C N. 0’ .-I iti ~~ -4 0’ ‘0 0 -I C
I-s 5 Z ‘0 N. ‘0 ‘0 0’ 0 C~5 -.4 ~~ Ni N in in

.54 . . . . . .
-~~ -4 C’~ ~~ N C~ ..4 .4 N N N N .~~ s-I s-4 ‘.4

‘4.4
0

0)
N. in ‘0 ‘0 ‘0 ‘0 in -~~ ~ N. m .-~ r~ 0’

.5 ‘0 N. 0 C ‘0 ‘0 s-I in 0 s-4 ‘0 in ~f l -~~ 0 .-4
• . . . . .

N N N N s-I ‘-4 C’I ~fl Ui Ui -~~ -~~ ~ 5 (‘4 -~~ -~~

C N -0 -~~ ~~ N. N. N. -~~ C’) N 0 0 ~ ‘.0 ‘0O N 0 ~4 ill in ‘0 N s-I N N s-I 0 0

N . N .  0 ’ O~ N N  ‘ O ’ 0  N i N i  0 0  N N
-4 -4 C’) (‘4 NI N in in N- N. N. N. in in ‘0 ‘0

C s -
— ~
U

C..,

N —
N

01 —

~~I I
~~! s-I I 5-4
5~ U 5 4  —0! -~ 4 4  -4 454 5-4 —

‘0 4-I 
5-I >4 4<

0
U



s-I . 4  Is I.
U U ~~ 00
-4 N in 00
in -0 Cl in

I I I I • —
Ui in C C

-4 5-4

C5 CO
Cl 00 Cl Cl 0’ 00 Cl in
(‘4 in N. 00 -0 in -4~ Ui

0’ 0’ Cl -4 Ni N N
0) s-I s-I ..4 . 4  s-I s-I
S
S
“ -I

-0 0’ s-4 s-I N N- Ui Cl
o 0 N. Cl 0 in ‘0 0 ~~

0~~~~~~ C l C l  -t -t ~~- 4 - 4  -4 -4 - 4 - 4
-4
-4
-4

0) 00 ‘0 s-I -4 ‘0 ‘0 -4 00
0 0 0 00 in in -4 N

-.4 -4 ‘ 0 U . ,  ~O % 0  iN Ui
I-.

Cl

00 0’ in 0’ 00 0 ‘0 ‘0 N
in 0’ s-I in ‘0 0 N. 00

• . 0) 4<
N. N. in ‘-4 “.4 4 Cl Cl U -t

S
0) ‘0
Is U
0) 0

‘I-s S.-.

N. 00 0 ‘0 s-I s-I N. 0
0’ Ui 00 N- N N. 0’ 0 .4

. . . 5 • . . •5 —
0” 0’ s-I s-I ‘0 ‘0 ‘0 ‘0
‘0 ‘0 ‘0 ‘0 in in UI ill S

.5 -sI

‘S 0.
• . 44 5

Ci s.-I 5 0
s-I CO .5.4 14
CO 5 2 00U < Is

0) 1.1
1.I S
44 44

S
4.)

5 •i-I
44
00 5

in 45 .. .5
—‘ 44 5

in Q S
=
‘0 U CO

— 4-4 5 44
4< C.’ 5.

-4
U 4-s N

4)
5. 54 >4

Cl
Z



P4—2 ”A23 472:GAN:716:tam
• 78u472—608

TECHNICAL REPORT DISTRIBUTION LIST, GEN

~~Copie s Copies

O f f i c e  of Naval Research U.S. Army Research O f f i c e
At tn : Code ~72 Attn : CRD—A.A—IP
800 North Quincy Stree t P.O. Box 1211
Arlington , Virginia 22217 2 Research Triangle Park , N.C. 27709

ONR 3ranc~i Off ice Naval Ocean Systems Center
Attn : Dr. George Sandoz At tn: Mr. Joe McCartney
536 S. Clark Street San Diego, California 92.152
Ch ic~;o, :l1ino~ s 60605 1

Naval Weapons Center
DNR Branch Office Attn: Dr. A. 3. Amster ,
Attn : Scientific Dept. Chemistry Division
715 Broadway China Lake , California 93535
New Yo rk , New York 10003 1

Naval Civil Engineering Laboratory
ONR Branch Office Attn : Dr. R. W. Drisko
1030 East Green Street Port Hueneine, California 93401
Pasadena , Califo rnia 911C6 1

Department of Physics & Chemistry
ONR Branch Office Naval Postgraduate School
Atta : Dr. L. H. Peebles Monterey , California 93940
Building 114, Section D
666 Summer Street Dr. A. L. Slafkosky
Boston, Massachusetts 02210 1 Scientific Advisor

Commandant of the Marine Corps
Director , Naval Research Laboratory (Code RD—i )
Attn: Code 6100 Washington, D.C. 20380
Washington , D.C. 20390 1

Off ice of Naval Research
The Assistant Secretary Atto: Dr. Richard S. Miller

of the Navy (R,E&S) 800 N. Quincy Street
Depar~~ent of the Navy Arlington , Virginia 22217
Room 4E736, Pentagon
.‘ashingtcrn, D.C. 20350 Naval Ship Research and Development

Center
Th~n.a~cer , Naval Air ~‘srens Command Attn : Dr. C. Bosmajian , Applied
At:n : Code 310C ~H. Rosenwasser) 

Chemistry DivisL~n
Oepart ent ~f the Na’;v Annapolis, Maryland 2.~~Ol

~Jashington , D.C. 20360 1
Naval Ocean Systems Center

Oeferise Documentation Cente r Attri : Dr. S. Yazamoco , Marine
3u~. Ldi~g 3 , Camercn Stacion Sciences Division
Alexandria , C.si rgini a 2231~ 12 San Diego , California 91232

Or . F’rec Saalfel: Mr. John Boyle

~~~~nii r’ Division Materials Branch

~a~;al ~esearch Laboratory Naval Ship Engineering Center
‘
~ashington , D.C. 2~ 375 ?h~ 1adeiphia , Pennsylvania 9 1 2



P4—52/A25 472:GAN :716:tam
78u472— 608

TECHNICAL REPORT DISTRIBUTION LIST, GEN

~~~~ .

Copies

Dr. Rudol ph J. Marcus
Off ic e of Naval Research
Scientific Liaison Group
American Embassy
APO San Francisco 96503 1

Mr. James Kelley
DTNSRDC Code 2803
Annapolis, Maryland 21402 1

I

P 2 

.



4
472 : CAN : 716 : ab c
78u472—608

TECHNICAL REPORT DISTRIBUTION LIST, 3568

No.
Copies Copies

Dr. T. C. Williams Douglas Aircraft Company
Union Carbide Corporation 3855 Lakewood Boulevard
Chemical and Plastics Long Beach, California 90846
Tarrytown Technical Center Attn: Technical Library
Tarrytown, New York 1 Cl 290/36—84

AUTO—Sutton
Dr. R. Soulen
Contract Research Department NASA—Levis Research Center
Pennvalt Corporation 21000 Brookpark Road
900 First Avenue Cleveland , Ohio 44135
King of Prussia, Pennsylvania 19406 1 Attn: Dr. T. T. Serafini, MS 49—1

Dr. A. G. MacDiarutid Dr. J. Griffith
University of Pennsylvania Naval Research Laboratory
Department of Chemistry Chemistry Section, Code 6 120
Philadelphia, Pennsylvania 19174 1 Washington, D.C. 20375

Dr. C. Pittman Dr. G. Goodman
University of Alabama Globe—Union Incorporated
Department of Chemistry 5757 North Green Bay Avenue
University , Alabama 35486 1 Milwaukee, Wisconsin 53201

Dr. H. Al ock Dr. E. Fischer, Code 2853
Pennsylvan a ate University Naval Ship Research and
Department Chemistry Development Center
University P k, Pennsylvania 16802 1 Annapolis Division

Annapolis , Maryland 21402
Dr. M. Kenney
Case—Western University Dr. Martin H. Kaufman, Head
Department of Chemistry Materials Research Branch (Code 4542)
Cleveland , Ohio 44106 1 Naval Weapons Center

China Lake, California 93555
Dr. R. Lenz
University of Massachusetts Dr. J. Magi].l
Department of Chemistry University of Pittsburg
Amhers t , Massachusetts 01002 1 Metallurgical and Materials

Engineering
Dr. M. David Curtis Pittsburg, Pennsylvania 22230
University of Michigan
Department of Chemistry Dr. C. Allen
Ann Arbor , Michigan 48105 1 University of Vermont

Department of Chemistry
Dr. ~1. Good Burlington, Vermont 05401
Division of Engineering Research
Louis iana State University Dr. D. Bergbreiter
Baton Rouge, Louisiana 70803 1 Texas A&M University

Department of Chemistry
College Station, Texas 77843



• 472:GAN:716:ab
78u472—608

TECHNICAL REPORT DISTRIBUTION LIST, 356B

No.
Copies

Professor R. Drago
Department of Chemistry
University of Illinois
Urbana, Illinois 61801 1

Dr. F. Brinkman
Chemical Stability & Corrosion
Division

Department of Commerce
National Bureau of Standards
Washington, D.C. 20234 1

Professor H. A. Titus
Department of Electrical Engineering
Naval Postgraduate School
Monterey , California 93940 1

COL B. E. Clark, Code lOOM
Off i ce  of Naval Research
800 N. Quincy Street
Arlington , Virginia 22217 1

Professor T. Katz
Department of Chemistry
Columbia Unive rsity
New York , New York 10027 1

Dr. Keith B. Baucom
Director of Contract Research
SCM—PCR Inc.
P .O. Box 1466
Gainesville, Florida 32602 

1 2


